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METHOD OF MAKING FLOWABLE 
TUNGSTEN/COPPER COMPOSITE POWDER 

TECHNICAL FIELD 

This invention relates to methods of making flowable 
tungsten/copper composite powders which can be 
pressed and sintered into dense parts. 

BACKGROUND ART 

Tungsten/copper composite powders are used in the 
manufacture of electronic components, such as heat 
sinks, electrical contacts and electrodes. 

Because tungsten and copper do not alloy readily, 
various methods have been used to combine them in 
order to form tungsten/copper composite bodies. For 
example, tungsten powder may be pressed into a desired 
shape and then sintered to form a porous tungsten body. 
Molten copper may then be infiltrated into the tungsten 
body by capillary action. 

U.S. Pat. Nos. 3,489,530 to Schreiner, and 3,449,120, 
3,440,043 and 3,467,517 to Zdanuk et al. disclose meth 
ods of making tungsten/copper composite bodies using 
copper infiltration methods. 
The amount of copper which may be incorporated 

into the tungsten body is determined by the porosity of 
the sintered tungsten body, which depends on the parti 
cle size of the tungsten powder used and the sintering 
conditions. Thus, the range of tungsten/copper compo 
sitions is limited when copper infiltration methods are 
used. Further, although tungsten powder may be 
pressed and sintered to obtain near net-shape parts, the 
subsequent copper-infiltration step creates a need for a 
final machining step to obtain finished dimensions. Fi 
nally, the copper infiltration methods are only economi 
cally feasible with tungsten bodies having basic geome 
tries, since one or more final machining steps must al 
ways be performed after copper infiltration of the tung 
sten body. 
Another method of obtaining a tungsten/copper 

composite body involves the blending and co-reduction 
in hydrogen of tungsten oxide and copper oxide pow 
ders to obtain a tungsten/copper composite powder, 
which may then be pressed and sintered to obtain a 
tungsten/copper composite body. Co-reduction meth 
ods are labor-intensive and expensive because they re 
quire one or more additional agglomeration steps to 
impart flowability to the resulting powders. They also 
require strict control of the reducing conditions, includ 
ing temperature, hydrogen gas flow rate and powder 
bed depth during reduction, in order to obtain the de 
sired powder particle size. Tungsten/copper composite 
powders produced by co-reduction of the respective 
oxides are extremely fine and tend to agglomerate dur 
ing subsequent processing steps, thus limiting their use 
fulness in the powder metallurgical manufacture of 
small parts. 

It would be an advancement in the art to provide a 
method of making tungsten/copper composite powders 
which are flowable and thus suitable for use in standard 
powder metallurgical manufacturing operations. It 
would also be an advancement in the art to provide a 
method of making tungsten/copper composite powders 
in which a broad range of copper contents is obtainable. 
It would also be an advancement in the art to provide a 
method of making tungsten/copper composite powders 
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2 
which overcomes the limitations inherent in the copper 
infiltration and co-reduction methods. 

SUMMARY OF THE INVENTION 

It is therefore an object of this invention to obviate 
the disadvantages of the prior art. 

It is another object of this invention to provide im 
proved methods of making tungsten/copper composite 
powders. 

It is another object of this invention to provide tung 
sten/copper composite powders having improved flow 
ability. 

It is another object of this invention to provide tung 
sten/copper composite powders having a broad range 
of copper content. 

It is another object of this invention to provide a 
method of making tungsten/copper composite powders 
which overcome the limitations inherent in the prior art 
methods. 

In accordance with one aspect of the invention, there 
is provided a method of making a flowable tungsten/- 
copper composite powder suitable for pressing and 
sintering and containing between 5 and 60 weight per 
cent copper and the balance tungsten, comprising the 
steps of: forming a uniform mixture of a desired weight 
ratio of tungsten powder, copper oxide powder and, 
optionally, less than 0.5 weight percent cobalt powder, 
milling the mixture in an aqueous medium to form a 
slurry in which the tungsten and copper oxide powders 
are intimately mixed, removing the liquid from the 
slurry to form spherical, flowable agglomerates, and 
subjecting the agglomerates to a reducing atmosphere 
to form a flowable tungsten/copper composite powder. 

BEST MODE FOR CARRYING OUT THE 
INVENTION 

For a better understanding of the present invention, 
together with other and further objects, advantages and 
capabilities thereof, reference is made to the following 
specification and appended claims. 

Flowable tungsten/copper composite powders con 
taining abroad range of copper content may be made by 
combining tungsten powder and copper oxide powder 
in the desired tungsten/copper weight ratio, optionally 
adding a small amount of cobalt powder as a sintering 
aid, milling the powder mixture in an aqueous medium 
to form a slurry, removing the liquid from the slurry, 
and reducing the solid material in a hydrogen atmo 
sphere to obtain a flowable tungsten/copper composite 
powder. 
The starting tungsten powder may be an agglomer 

ated fine powder having an average particle size of 
approximately 1 micrometer. In contrast, the starting 
copper oxide powder may be much coarser, having an 
average particle size of up to 44 micrometers. Because 
of the great disparity in particle sizes between the two 
powder types, it is necessary to blend the two powders 
first in a blender in order to obtain a reasonably homo 
geneous mixture prior to the milling step. 
An advantage of the process of this invention is the 

ability to control the particle size of the resulting tung 
sten/copper composite powder by selecting a tungsten 
powder which has the desired particle size. 
A small amount of cobalt powder, less than 0.5 

weight percent and preferably about 0.25 weight per 
cent, may optionally be added to the powder mixture as 
a sintering aid. 
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The blended powder mixture may then be milled in 
an aqueous medium. The aqueous medium is preferably 
water, and the milling is preferably done in an attritor 
mill. The material is milled for approximately six hours 
with tungsten carbide/cobalt milling media. During the 
milling process, a highly exothermic reaction occurs 
between the aqueous medium, the tungsten powder and 
the copper oxide powder. It is therefore preferred that 
the aqueous slurry be maintained at a temperature of 
between 25 C. and 35° C., and preferably no greater 
than 30 C., during the milling process in order to con 
trol the rate of the reaction. The milling process deag 
glomerates the fine tungsten powder, pulverizes the 
copper oxide powder to a fine powder, and brings the 
copper oxide and tungsten powders into intimate 
COntact. 

After the slurry has been milled, it is preferably 
spray-dried to remove the liquid from the material and 
form spherical, free-flowing agglomerates. 
The agglomerates may then be reduced in a hydrogen 

atmosphere at an elevated temperature to form tung 
sten/copper composite powders. Because the milled 
powder may be highly pyrophoric, it is desirable to 
envelop the milled powder in a nitrogen blanket prior to 
its entry into, and following its exit from, the hot hydro 
gen gas flow Zone in the reducing furnace. 
The milled and spray-dried powder is reduced prefer 

ably in 100% hydrogen flowing at a rate of 150 standard 
cubic feet per hour (SCFH) and at a temperature of 
between 700° C. and 730 C., preferably 715 C., for one 
hour. The by-products of the reduction step are carried 
away by the flowing hydrogen gas. 
While sintering takes place between individual parti 

cles, the pressing of fine powders is greatly facilitated 
when the powder forms agglomerates. The tungsten/- 
copper composite powder obtained from the process of 
this invention is free-flowing and has an average ag 
glomerate size of about 150 micrometers. The average 
size of the individual particles of copper and tungsten in 
the agglomerates is between 1 and 2 micrometers. 
The copper content in the tungsten/copper compos 

ite powder made by the method of this invention may 
range from 5 to 60 weight percent. A preferred powder 
composition contains 15% copper and the balance tung 
sten. Even when less than 10 weight percent copper is 
desired in the resulting composite powder, the copper is 
very finely and uniformly dispersed throughout the 
tungsten matrix. 
The resulting tungsten/copper composite powder 

may be pressed and sintered using standard powder 
metallurgical manufacturing methods. 
The following non-limiting example is presented. 

EXAMPLE 

The following powders in the indicated amounts 
were blended in a V-blender for 30 minutes: 

Cu2O 28.4 kilograms 
W 140.0 kilograms 
CO 0.49 kilograms 

The blended powder mixture was then fed slowly into a 
Type 30S attritor mill manufactured by Union Process 
Co. and milled in 29 liters of water with 1/4' tungsten 
carbide/cobalt milling balls. The water was maintained 
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at a temperature of 30° C. --/-5 and the powder ini:- 
ture was milled for 6 hours at a mill speed of approxi 
mately 90 rpm. 
The milled material was then spray-dried through a 

single fluid nozzle NIRO Model No. NA021-2637 spray 
dryer at an atomization pressure of 100 pounds per 
square inch and a feed rate of 60 kilograms per hour. 
The spray-dried powder was transferred to Inconel 

boats and passed through a conventional pusher furnace 
which was maintained at 715 C. --/- 15. Hydrogen 
gas flowed through the furnace at a rate of 150 standard 
cubic feet per hour. The loaded boats were enveloped in 
a nitrogen blanket prior to entry into and after exit from 
the hot hydrogen gas flow zone. The loaded boats re 
mained in the hot hydrogen gas flow zone for 1 hour. 
The resulting tungsten/copper composite powder 

had a Hall flow rate of 23 seconds per 50 grams, a bull. 
density of 3.1 grams per cubic centimeter, and an ap 
proximate mean agglomerate size of 150 micrometers. 
The tungsten/copper composite powder was pressed 

at 12,000 pounds per square inch and sintered in a hy 
drogen atmosphere to obtain a pressed and sintered 
tungsten/copper composite body at 98.1% of theoreti 
cal density. 
While there have been shown what are at present 

considered to be the preferred embodiments of the in 
vention, it will be apparent to those skilled in the art 
that various changes and modifications can be made 
herein without departing from the scope of the inven 
tion as defined by the appended claims. 
We claim: 
1. A method of making a flowable tungsten/copper 

composite powder suitable for pressing and sintering 
and containing between 5 and 60 weight percent copper 
and the balance tungsten, comprising the steps of: 

a) forming a uniform mixture of a desired weight ratio 
of tungsten powder, copper oxide powder and, 
optionally, less than 0.5 weight percent cobal 
powder; 

b) milling said mixture in an aqueous medium to cause 
an exothermic reaction between said aqueous nine 
dium, said tungsten powder and said copper oxide 
powder, said milling further acting to form a slurry 
in which said tungsten and copper oxide powders 
are intimately mixed, said slurry being maintained 
at a temperature between about 25 C. to about 35 
C. to control said exothernic reaction; 

c) removing the liquid from said slurry to form spher 
ical, flowable agglomerates; and 

d) subjecting said spherical, flowable agglomerates to 
a reducing atmosphere to form said flowable tung 
sten/copper composite powder. 

2. A method according to claim 1 wherein said flow 
able tungsten/copper composite powder contains 15 
weight percent copper and the balance tungsten. 

3. A method according to claim 1 wherein said ini:- 
ture is attritor milled in water for 6 hours at a tempera 
ture of 30 C. 

4. A method according to claim 1 wherein said liquid 
is removed from said slurry by spray drying said slurry. 

5. A method according to claim wherein Said Spher 
ical, flowable agglomerates are reduced in a hydrogen 
atmosphere at 715 C. for 1 hour. 
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